Magnetotelluric (MT) data have been acquired across the Samail Ophiolite, Oman mountains, along a 115 km transect in January 2005. Twenty-five MT stations were deployed approximately every 4 km along a profile perpendicular to the coastline near Muscat. The profile extends from the Huw'l/Meeh subwindow in the northwestern part of the profile and crosses the Saih Hatat window, a Tertiary domal culmination that folds a major NE-facing recumbent fold nappe, and ends along the southern boundary between the Dasir and Ibra ophiolite blocks. The survey aimed to investigate the tectonic evolution of the emplacement of the Samail Ophiolite by delineating major faults and geological boundaries on a crustal scale.
I N T RO D U C T I O N
While the common type of subduction of oceanic plates has been scrutinized with the magnetotelluric (MT) method (Ritter et al. 2003; Pous et al. 2004; Spratt et al. 2005; Unsworth et al. 2005; Soyer & Unsworth 2006; Weckmann et al. 2007; Brasse & Eydam 2008) , obduction environments, where oceanic lithosphere has been emplaced onto continental lithosphere, have not been studied in detail before. This study presents the results and data analysis of a MT survey across the Samail Ophiolite of the Oman Mountains, Arabian Peninsula, one of the best exposed ophiolites on Earth. It is a pilot study, aimed at defining the crustal structure of ophiolite environments to help distinguish between different emplacement scenarios for these large slabs of oceanic lithosphere.
The Oman Mountains have been the focus of a number of recent studies on obduction mechanisms (Chemenda et al. 1996; Gray & Gregory 2003; Breton et al. 2004) and are cited as the classic example of Tethyan ophiolite obduction (Moores et al. 2000; Wakabayashi & Dilek 2003; Robertson 2004 ). However, interpretation of the Oman surface geology allows more than one permissible tectonic scenario of ophiolite emplacement (see discussion in Gray & Gregory 2003; Searle et al. 2003; Gray et al. 2004) . The Saih Hatat window, southeast of Muscat, contains a major refolded foldnappe that underlies the ophiolite sequences to the south (Fig. 1) . It holds vital information about the obduction of the Samail Ophiolite sequences (Gray et al. 2005 ) and tectonic models describe either subduction towards (Gregory et al. 1998; Gray et al. 2000 Gray et al. , 2004 or away from the margin (Searle et al. 1994 (Searle et al. , 2003 Chemenda et al. 1996) .
This MT survey, involving 25 stations from Muscat to interior Oman across the Saih Hatat window and Dasir-Ibra ophiolite block (Fig. 2) , seeks to resolve this uncertainty by providing constraints on the resistivity distribution of the crustal structure beneath the Oman Mountains. The topography of the area, time constraints and therefore logistical circumstances led to the deployment of the stations along a line running northeast-southwest. 2-D modelling is able to reproduce first-order regional features but cannot account for 3-D complexity in the data set. Careful analysis of the data set using robust processing (Chave & Thomson 1989) and phasesensitive dimensionality and strike analysis (Caldwell et al. 2004) were followed by an inversion (Rodi & Mackie 2001) of a subset of the data that was considered 2-D. Further 3-D modelling was Adapted from Gray et al. (2005). undertaken to explain 3-D aspects of the data and to demonstrate limitations of the 2-D modelling approach, which need to be taken into account. This paper presents resistivity images that suggest an inland-dipping zone of high conductivity correlating with outcrop of the lower plate in the Huw'l/Meeh subwindow at the surface.
S U RV E Y D E TA I L S A N D G E O L O G Y

Geology
The Oman ophiolite is believed to have formed at a Tethyan spreading center between 94 and 97 Ma (Tilton et al. 1981) . Subsequent detachment was caused by intraoceanic thrusting along the metamorphic sole (94-90 Ma) with final emplacement of the Samail Ophiolite nappe onto the Arabian margin dated at around 78-71 Ma (Warburton et al. 1990; Hacker et al. 1996) . The final positioning of the Samail Ophiolite is characterized by gravity-driven emplacement along pseudo-extensional faults due to a rising upper plate between 76 and 70 Ma (Gregory et al. 1998) .
The Oman Mountains stretch over 700 km along the coast of Oman and yield elevations up to 3000 m (Fig. 1) . The Oman ophiolite (Searle & Cox 1999; Nicolas et al. 2000) was formed when former Tethys oceanic lithosphere was emplaced on top of Arabian continental lithosphere. The Cretaceous Samail Ophiolite slab is a major allochthonous unit and delineates the structurally highest sheet represented by the Dasir-Ibra blocks along the MT profile (Fig. 2) . Gravity measurements indicate a presently thin (<5 km thick) ophiolite sheet bounded by a flat-lying basal fault (Shelton 1990; Gray et al. 2000) . Near Muscat, the Muttrah peridotite is assumed to be part of the ophiolite sheet outboard of the DasirIbra blocks (Fig. 2) . The Oman Mountains show a thrust stack of former Tethys basinal sediments (Hawasina melange) overlying para-autochthonous continental-shelf carbonates and pre-Permian basement units (Hatat schist). These features crop out in the Saih Hatat window, a Tertiary domal culmination that folds a major NEfacing recumbent fold nappe of the upper plate that is truncated by the UP-LP shear zone (Miller et al. 2002; Gray et al. 2005) (Fig. 2b) . The core of the major fold-nappe is made up of intensely foliated Hatat Schist. The UP-LP shear zone marks a ring-like structure around the outcrops of high-pressure blueshists and eclogites of the lower plate in the Huw'l/Meeh subwindow (Fig. 2b) . The lower plate is the structurally lowest parts of the mountains and also crops out in the As Sifah subwindow. To the north and east the pre-Permian to Cretaceous units are onlapped by Maastrichtian and Tertiary shallow-water carbonate sediments, which are clearly post-ophiolitic.
The tectonic evolution of the Samail Ophiolite is under vigorous debate. Sm-Nd and Zircon U-Pb ages of eclogites and the position of regional isoclinal folds in the Saih Hatat window and the Huw'l/Meeh subwindow hold clues to the understanding of the ophiolite emplacement (Miller et al. 2002) and are therefore covered by the northern part of the MT line. To the south of the Saih Hatat, the MT line extends across the Dasir Ibra blocks consisting of the Samail Ophiolite (Fig. 2) . The two rivalling models of ophiolite obduction encompass either subduction away from the margin (Searle et al. 1994 (Searle et al. , 2003 Chemenda et al. 1996) or towards the margin (Gregory et al. 1998; Gray et al. 2000 Gray et al. , 2004 as is shown in Fig. 2 (c) for a geological cross-section along the MT profile. An Gray et al. (2000) . (b) Station locations on a digital elevation image with focus on the northwestern part of the profile. Semi-transparent grey-shaded areas show location lower and upper plate material (Huw'l/Meeh and Saih Hatat, respectively). The locations of the major shear zones (sz) are also shown. (c) A geological cross-section for the MT profile after Miller et al. (2002) , Gray et al. (2005) . This model favours land-ward dipping shear zones (e.g. UP-LP sz).
indication of the nature of the UP-LP contact with depth would be a strong argument in favour of one of the proposed emplacement scenarios. Due to difficult accessibility in the rugged and mountaneous landscape, the profile follows major valley floors, which are perpendicular to the coastline and major geological boundaries, such as the UP-LP shear zone and the Hatat Shist shear zone (Fig. 2b ).
Measurement details
Five MT instruments, which have been built by Flinders and Adelaide Universities, were used in the experiment. The instruments recorded time-series of electric field variations in the two horizontal directions and of magnetic field variations in the horizontal and vertical directions . The instruments were left out for durations of 20-45 hr, sampling at 20 Hz. The electric and magnetic fields were recorded with Cu-CuSO 4 electrodes and fluxgate magnetometers, respectively. In the field, the instruments were oriented to geomagnetic coordinates. Subsequent rotation to geographic coordinates is negligible, since the magnetic declination is only 0.7
• . Site spacing is 2-4 km in the northern part of the profile between stations OMN01 and OMN06 in order to ensure a good spatial resolution across the Huw'l/Meeh subwindow. Spacing was increased to about 5 km across the Saih Hatat (stations OMN07 to OMN11) and reaches 10 km from OMN18 to OMN22. The increased spacing allows the coverage of the entire ophiolite block to its southern margin with the MT profile. At least two stations recorded simultaneously in order to use remote-reference schemes which reduce noise across the entire period bandwidth (Gamble et al. 1979) .
T R A N S F E R F U N C T I O N E S T I M AT I O N
Data quality
In order to assess the impedance tensor data quality, it is useful to initially investigate the time-series data. The quality or the signalto-noise ratio can be influenced by cultural noise sources and also depends on the signal strength of the inducing magnetic field and duration of deployment. Time constraints only allowed instrument deployments up to 2 d at a time, which reduces the resolution to periods shorter than 1000 s. During the experiment, the measured magnetic fields have occasionally shown spikes in the time-series, which is most likely due to cultural noise. During pre-processing, a median filter with adaptive length and threshold value significantly reduced the amplitude of the noise. Even though the median filter can only produce a replacement value that is only near the actual value of the varying magnetic field alone, the MT impedance responses across the entire period bandwidth have been improved and their respective errors reduced. MT stations 1, 12, 13 and 14 were excluded from further analysis due to high cultural noise contamination which was likely caused by anti-corrosion currents in pipelines.
MT responses
For most sites, robust processing (Chave et al. 1987; Chave & Thomson 1989 ) generated good estimates of the MT impedance Z and magnetic transfer function T.
with E the electric field, H the magnetic induction and {x, y, z} denote geographic north and east and the vertical direction, respectively. Z is complex and can be separated into a real (X) and imaginary (Y ) part:
where i = √ −1 is the imaginary number. Remote referencing (Gamble et al. 1979) has been utilized and resulting responses were compared with the results of single site robust processing. In some cases, longer time-series data and single site processing generated better-quality responses than shorter time-series and remote referencing due to voids in the data of the remote site.
The complex magnetic transfer function T, also referred to as tipper, contains the relation between the vertical and horizontal magnetic field components (Schmucker 1970) (Fig. 4) . Induction arrows are a graphical representation of the magnetic transfer func- tions T zx and T zy and the real and imaginary parts have been plotted in Fig. 3 for four representative periods. The real induction arrows in the Parkinson convention will point towards zones of higher conductivity and away from resistive blocks. For short (85 s) and intermediate periods (341 s), the real arrows are very large in the northern part of the profile (stations 01-11) and point mostly north. Their respective imaginary counterparts are nearly anti-parallel, which usually occurs in case of a 2-D subsurface. In the southern part of the profile (stations 15-22), the real arrows are comparatively smaller and point west to southwest for short periods indicating a conductor towards the southwest of the profile. As expected, for intermediate periods, the arrows begin to rotate towards the conductive ocean. However, the imaginary arrows are perpendicular to the real induction arrows indicating an influence of both the conductive sea water to the northeast and conductive features in the subsurface. For longer periods (682 s and 1365 s), eventually all induction arrows rotate northwest-north towards the abyssal plains of the Arabian Sea, with increasing magnitude closer to the coast. The imaginary arrows are perpendicular to their real counterparts, a sign for 3-D structures at greater skin-depths. Fig. 4 shows the apparent resistivities ρ a (T ) and phases φ(T ) of all stations utilized in the inversion calculated from the four elements of the rotated impedance tensor. In anticipation of Section 4, the rotation angle is 35
• counter-clockwise from north, which results in the rotated coordinate system {x y }. The data show that • quadrant. The Z y x -component shows higher apparent resistivities than the ones calculated from the diagonal components Z x x and Z y y of the impedance tensor. However, this is not true for the apparent resistivities of the Z x ycomponent with responses being noisier and having usually lower apparent resistivity with very high phases. At some stations the phases corresponding to the Z y x -component exceed 90
• for periods above 1000 s (Fig. 4) . A similar behaviour, however at much shorter periods of 1-10 s, has been reported and attributed to current gathering and deflection in the shallow crust due to shallow 3-D heterogeneities (Weckmann et al. 2003a) . Phases larger than 90
• can also occur in environments, where an anisotropic block overlies another anisotropic layer of different strike (Heise & Pous 2003; Weckmann et al. 2003b ).
The apparent resistivities of the impedance tensor indicate an area of high conductivity beneath stations 04b to 06. At stations 01b and 04, the Z y x -component indicates an increase in apparent resistivity for periods longer than 100 s. The subsurface beneath stations 15-22 is generally more conductive than for the northern part of the profile.
D I M E N S I O N A L I T Y A N D S T R I K E C O N S I D E R AT I O N S
Before applying a 2-D inversion, data need to be analysed in terms of their dimensionality and a strike direction common to all stations along the profile has to be found to which the geographic coordinate frame of measurement can be rotated. In order to avoid galvanic distortion of shallow 3-D structures affecting the dimensionality analysis, we used the phase tensor approach of Caldwell et al. (2004) . This method of analysing the phase information of the impedance tensor does not require presumptions about the underlying dimensionality as do other decomposition methods (Bahr 1988 (Bahr , 1991 Groom & Bailey 1989 ). This method is applicable where both the regional conductivity distribution and the conductivity heterogeneity close to the surface are 3-D. The MT phase is defined as the ratio of the real and imaginary parts of the impedance tensor Z. This expression allows a generalization to the entire tensor, specifically its real and imaginary parts X and Y , respectively.
Here, defines the real phase tensor and X −1 is the inverse of the real part of the impedance tensor Z. In a 2-D environment, a coordinate system {x , y } can be found, where the off-diagonal components xy and yx in eq. (3) vanish; note that this is equivalent to stating that the diagonal components Z x x and Z y y of the rotated impedance tensor are equal to zero. Generally, with increasing complexity (e.g. 3-D structure) of the subsurface those components will increase independent of the chosen coordinate frame, unless the measurement is taken along a symmetry axes (Caldwell et al. 2004) . A measure of the three-dimensionality of the subsurface is the phase tensor invariant β, a skew angle indicating the degree of asymmetry of the phase tensor:
In case of real data, we believe a threshold of |β| < 5
• is a good approximation to the assumption of two-dimensionality of the subsurface. Fig. 5 is a contour plot of the skew angle β as a function of period across the profile. For stations 8-22 β is small for a period band between 20 and 300 s suggesting a 2-D resistivity distribution beneath those sites. Between stations 4 and 7 a 3-D inductive structure causes the skew angle to decrease below −5
• , thus crossing the threshold of |β| < 5
• . Stations 4-7 cross or are adjacent to the upper plate material of the Huw'l/Meeh subwindow (see Fig. 2b ). In general, the skew increases with period and reaches values larger than 5
• for periods longer than 300 s. Based on the skew analysis, station 01 has been excluded from modelling altogether because of its extremely large skew angles of 15
• and more throughout the entire period bandwidth (Fig. 5) .
While the skew angle analysis establishes an understanding of the dimensionality along the profile, the phase tensor itself can be plotted as an ellipse, with the major and minor axis depicting the invariant maximum and minimum phase, max and min , respectively (Caldwell et al. 2004) . The direction of the major axis of the ellipse indicates the direction of major horizontal current flow, for example, in a 2-D scenario, phase tensors will be parallel (on the conductive side) or perpendicular (on the resistive side) to the conductivity contrast. Fig. 6 shows the phase tensor ellipses for four different periods along the MT profile. Similar to the skew angle analysis, the influence of a localized 3-D feature at the northeastern part of the profile becomes apparent for short periods (85 s), where the ellipses are orientated in an east-west direction as opposed to the general NE-SW orientation for the rest of the profile. Additionaly, the minimum phases are comparatively higher suggesting that the subsurface is more conductive, which is in accordance with the low apparent resistivities for these sites (see Fig. 4 ). For periods longer than 85 s, the anomalous sites follow the predominant phase tensor ellipses orientation of the remaining stations along the profile and point approximately NE-SW.
Finding a strike direction common to all sites in the current scenario cannot be regarded straightforward as the phase tensor analysis has shown. The MT profile covers main geological units, whose strike direction runs approximately N45
• W, in roughly the same orientation as the coastline. Fig. 7 illustrates rose diagrams depicting the electric strike directions for four different period bandwidths between 10 and 1000 s. The strike directions shown are derived from the orientation of the phase tensor ellipses and have an inherent 90
• ambiguity. Given the general north to northeast pointing induction arrows and NW-SE trending geology (Figs 1 and 2) , the electric strike for periods between 10 and 50 s is approximately WNW-ESE and rotates to about N30
• W for periods longer than 100 s. It should be noted that the strike determination for periods shorter than 100 s is influenced by the local 3-D structure in the northern part of the profile and does not reflect the general NW-SE strike. Taking this notion into account a common strike direction of N35
• W was determined from phase tensor analysis, induction arrows and the geology. Consequently, all data were rotated by
35
• counter-clockwise to strike. The impedance tensor coordinate system {x , y } now has x aligned with N35
• W and we assign the x y -component of the impedance tensor to the E-polarization (TE mode for transverse electric) and the y x -component to the B-polarization (TM mode for transverse magnetic). The x -coordinate is therefore approximately parallel to main geological boundaries such as the Hatat Shist shear zone and also to the coastline.
3 -D F O RWA R D M O D E L L I N G : H Y P O T H E S I S T E S T I N G
It becomes evident that there are some aspects in the data which are not typical in a 2-D environment. Specifically, after rotating the data to the main strike direction, the TE-mode displays small apparent resistivities associated with phases exceeding 90
• for periods longer than a few hundred seconds (Fig. 4) . Some of the MT sites were deployed along narrow valleys, which are flooded from time to time and retain some amount of water leading to an increase in bulk conductivity of the valley sediments. In order to simulate the effect of such an environment exemplarily for the northern-most stations, we conducted a 3-D forward model to explain the observation of reduced apparent resistivities in the mode with the E-field across the valley. Fig. 8(a) shows a top view and a cross-section of the forward model. The model consists of a 20 km wide layer in the north-south direction of resistive material (100 m), which is bounded by the conductive ocean to the north and a resistive plain to the south. The resistive layer extends to infinity in the east-west direction and is elevated 500 m above the ground level of the ocean and the plain, representing the mountains north of the Saih Hatat between stations 01 and 06 (Fig. 2) . The ocean and plain are connected by a 500 m wide valley, whose top 100 m are covered with a conductive (5 m) sediment layer. Seafloor topography has been approximated by bathymetry information obtained from Smith & Sandwell (1997) (Fig. 1) . Underneath the surface, we assume a 1-D earth, deliberately not trying to guess the true structure but to be able to solely show the effect of a conductive sediment layer and topography of the valley.
Synthetic stations have been placed along the valley extending into the plain and also on the elevated layer at right angles to the profile (labelled Profile A in Fig. 8a ). The synthetic station responses highlight the observations of the collected MT data. The apparent resistivity of the yx-component has substantially decreased (smaller Rose diagrams depicting the electrical strike along the profile for four period bandwidths between 10 and 1000 s derived from phase tensors. The strike has an inherent 90 • ambiguity, which can be resolved with knowledge of geology and/or induction arrows (see text). At short periods, the local 3-D structure in the northern part of the profile causes the appearance of an east-west strike, but for longer periods the strike direction is approximately N35 • W. than 10 m) for stations in the valley and the phases are greater than 60
• (Fig. 8b ). For comparison, synthetic station G outside the valley shows apparent resistivities that are almost two magnitudes larger than for station B (large symbols in Fig. 8b ), which is situated inside the valley at the same distance away from the ocean as station G. It should be noted that the phases are identical for the two stations, which suggests that station B is statically shifted. The xy-component responses show high values of ρ a across the period bandwidth, and small corresponding phase values at around 30
• (small symbols in Fig. 8b ) for both stations. We can therefore conclude that the yx-component responses will be affected by charge accumulations on either side of the conductive sediments and also the topography of the valley, while the xy-component responses are not affected. However, the static shift effect cannot explain the anomalously high phases in the TE-mode of the collected MT data. Phases exceeding 90
• have been reported for two anisotropic layers with varying anisotropy strike (Heise & Pous 2003; Weckmann et al. 2003b ). In our case, it would be highly speculative to assume this scenario for the subsurface, especially as the high phases are primarily associated with the northern part of the profile. Instead, following the knowledge of a local 3-D structure for the northern part of the profile and the outcrop of the oval-shaped UP-LP shear zone surrounding the lower plate material of the Huw'l/Meeh subwindow (Fig. 2) , we followed an example of Weckmann et al. (2003a) and modelled a rectangular conductive ring at the location of the Huw'l Meeh subwindow. The model of Weckmann et al. (2003a) has been modified to accommodate known geological interpretations applicable to the survey area, that is, the rectangular ring has been replaced by a funnel-shaped cone (Fig. 9) . The funnel extends between depths of 300 and 4000 m beneath the surface and narrows towards the top. The funnel is 16 × 9 km at the top with a wall thickness of 2 km, matching the outcrop location of the UP-LP shear zone. At its base in 4 km depth, the funnel reaches 63 × 29 km. The resistivity is chosen to be 5 m. The funnel is embedded in a resistive (1000 m) host rock. Topography and bathymetry were also included in the model (Smith & Sandwell 1997) and responses were computed at site locations of the survey. The site responses of the stations above the top of the funnel (e.g. site 05) show phases leaving the quadrant for the NW-SE component, similar to the results of the real data (compare Fig. 4) . Weckmann et al. (2003a) show that the anomalous responses are restricted to stations above the conductive ring structure. However, in our case the funnel shape creates an interesting transition zone for sites not situated directly above the top of the funnel but above the outer slopes. Here, the responses also show the phases leaving the quadrant for the NW-SE component of the impedance tensor, but the apparent resistivities are higher (see site 08 in Fig. 9 ). These results also match the observed data at site 08 (Fig. 4) . The anomalous behaviour is not present for sites further to the south, which are not situated on top of the conductive funnel.
R E S I S T I V I T Y S T RU C T U R E U N D E R N E AT H T H E S A M A I L O P H I O L I T E
In Sections 4 and 5, we have shown that most of the data is 2-D for periods between 20 and 300 s and that the TE-mode apparent resistivities are strongly affected by static shift. The rotated tipper and impedance tensor were inverted using the 2-D inverse code of Rodi & Mackie (2001) . We modelled the TM-and TE-mode responses between 20 and 300 s and the magnetic transfer functions between 20 and 4000 s. The minimum error floor for the TM-mode was 5 per cent for log ρ a and ≈0.75
• in φ. For the TE-mode, the error floors for the phases were increased to 1.5
• due to less smooth responses of the TE-mode. However, the minimum error floor for log ρ a was set to 100 per cent ensuring a higher weight to the phases during the inversion. This measure helps to overcome the static shift problem encountered in the TE-mode by fitting the phases well and allowing a shift in the apparent resistivities. The minimum error floor on the real and imaginary parts of the magnetic transfer functions was 0.02. After hundreds of iterations the model converged to a minimum misfit. This was followed by more inversion runs to allow free adjustments of the static shifts in the TE mode. However, adding this constraint does not improve the result significantly and TE-mode apparent resistivities are not modelled as satisfactory as the TM-mode.
The inversion process tries to find a balance between model roughness and data fit, which is influenced by the smoothness parameter τ . A small value of tau will usually achieve a better data fit, but also introduces more detail. In order to find an optimal value, we have run 100 iterations starting from a 100 m half-space including the conductive ocean with a resistivity of 0.3 m. Fig. 10 illustrates the normalized rms misfit over the model roughness m , which together form the objective function of the inverse process (Schwalenberg et al. 2002) . The resulting L-curve allows the determination of an optimal τ -value. A minima is reached at τ = 0.5, but we have chosen τ = 2 for the inverse process to put slightly more emphasis on smoothness of the model. Values smaller than 0.5 only increase the roughness of the model without reducing the data misfit considerably. For very small τ -values the data misfit cannot be determined reliably (see τ = 0.2 in Fig. 10 ). In order to emphasize large-scale structures, the inversion was started off with τ = 20 until it converged. The resulting model has been used as a starting model for a further inversion runs using the τ = 2 value. Fig. 11 illustrates the results of the inversion process for halfspace starting models with different resistivities (10, 100 and 1000 m in Figs 11(a)-(c), respectively) . Common to all starting models has been the bathymetry of the Arabian Sea filled with conductive seawater (0.3 m) as a priori information. The seafloor topography and the resistivity of the sea water were kept fixed during the inversion. The inversion results are very similar for all models and reach a final rms misfit of around 2. Indeed, every station along the profile achieves a very similar misfit for varying starting halfspaces (Fig. 12) . In general, the tipper and the TM-mode model responses fit the data very well, while the largest discrepancies between observed and modelled data are the apparent resistivities of the TE-mode due to above-mentioned static shift issues (Fig. 4) . Since the data at stations 04-07 show three-dimensionality at shorter periods up to about 100 s, there is a risk of introducing artefacts into a 2-D inverse model. For that reason, the observed data has been modelled excluding the impedance tensor information in that period range for sites 04-07 (Fig. 11d) . As expected the resolution underneath those sites has decreased and the conductor labelled B in Fig. 11 is not as clearly pronounced. However, the general southwest dipping interface is still present.
The three 2-D resistivity images show a common conductor labelled A underneath station 04 at about 10 km depth. The average resistivity of the conductor is between 10 and 50 m. Adjacent to conductor A is another conductor B of similar resistivity. It is situated underneath site 07-09 at 8-10 km depth. However, the inverse model excluding the impedance responses for T < 100 s at sites 04-07 does not reproduce the high conductivities associated with feature B. Nevertheless, the resistivity contrast to resistor C is still present and dips to the southwest underneath sites 08-11. Gray et al. (2004) report intense shearing during underthrusting of the lower plate beneath the upper plate, and we believe the conductor is a representation of that process. The resistor C reaches depths of about 25-30 km in between sites 11 and 15 and has very high resistivities exceeding 10 000 m. Another conductive feature, labelled D, is present underneath site 19 and appears to be connected to rocks with higher conductivity near the surface underneath sites 15 and 17. The clearly outstanding feature of the resistivity profile, however, is the transition from conductive rocks underneath MT sites 01-06 northeast of the Saih Hatat to the resistive zone labelled C.
Resolution analysis encompassed the computation of the sensitivity matrix (Fig. 13 ) and modifying resistivities of significant structures in the model. Conductor A and B were individually replaced with higher resistivities of 1000 m. Forward responses of the altered model yielded in both cases an rms misfit of about 2.8 and 2.9, respectively, which is significantly higher than the misfit of the original inverse model. The changed models were then inverted to see if the model would retain the higher resistivities or revert back to low resistivities. In both cases, the model converged and the conductor reappeared. It should be noted that deeper parts of the model underneath conductor B did not fully revert back to their original resistivities. This observation is confirmed by visualization of the sensitivity matrix in Fig. 13 , which has been computed from the diagonal part of A T R −1
dd A for each model parameter. Here, A denotes the sensitivity matrix with A T its complex conjugate transpose and R dd is the data covariance matrix. Interestingly, there is a very low sensitivity at locations underneath conductor B and also A. It has to be concluded that the areas underneath feature A and B are only poorly resolved and their depth extent cannot be reliably determined.
C O N C L U S I O N S
A magnetotelluric survey comprising 16 MT stations has been conducted along a 115 km transect in NE Oman across the Saih Hatat. The profile extends from the coast near Muscat to the southern edge of the Samail Ophiolite. The aim of this survey was to investigate possible emplacement scenarios of the Oman ophiolite.
Analysis of the MT data reveal a complex behaviour with phases above 90
• and static shift effects in the TE-mode. The anomalous phases could be attributed to 3-D effects associated with the lower and upper plate contact near the Huw'l/Meeh subwindow. For the southern MT stations a 2-D subsurface is acceptable to periods of around 300 s.
2-D modelling shows a clear distinction between a resistive block underneath stations 10-15 and a conductive zone in the mid to upper crust near the outcrop of the UP-LP shear zone in the northeastern part of the line. Both terrains are separated by a southwest dipping resistivity interface. The high conductivity zones labelled A and B (Fig. 11a ) are due to highly deformed material in the UP-LP shear zone and the upper plate which would allow fluids to enter along connected pathways.
Fig. 14 shows a comparison of the final resistivity model and several geological interpretations involving both oceanward-dipping (Chemenda et al. 2001; Breton et al. 2004) (Figs 14b-d) and landward-dipping (Miller et al. 2002; Gray et al. 2005) (Fig. 14a) shear zones. The SW-dipping nature of the resistivity interfaces are suggestive of a crustal structure not predicted by the popular 'suprasubduction zone' model of ophiolite emplacement (e.g. Chemenda et al. 2001; Searle et al. 2003; Breton et al. 2004 ). In this model, the major crustal thrust/shear system should dip oceanwards, or towards the former Tethy's ocean. This would require a major resistivity interface dipping to the NE in the present coordinates and the absence of the observed boundary dipping southward.
MT inversion results indicate a resistivity interface at the location of the UP-LP shear zone extending to depths of more than 20 km. The MT data conflict with the assertion of Searle et al. (2004) that towards interior Oman, in the SW part of the profile, the UP-LP shear zone only extends to the top of the Proterozoic at depths less than 10 km.
Older structural grain of the Arabian shield is shown to be NEtrending in a residual gravity map (see fig. 7 in Loosveld et al. 1996) , and would therefore be parallel to the line of the MT survey. Although it is possible that oblique intersection of inherited older crustal structure, such as Palaeozoic shear zones that formed during terrane accretion of Arabia, could influence the MT results, it is apparent that either oceanwards-dipping shear zones are either electrically transparent or non-existent. Younger structures such as normal faults (e.g. Loosveld et al. 1996) and strike slip faults (Al-Lazki et al. 2002; Kusky et al. 2005) are steeply dipping and NE-trending and would cause apparent truncation of the older, more gently dipping anomalies, but are unlikely to be responsible for the SW-dipping resistivity interface.
In short, the MT data seem to support an obduction scenario involving early subduction beneath the Arabian margin as originally proposed by (Gregory et al. 1998) , where a major SW-dipping crustal-scale shear system may be preserved beneath the Oman Mountains. (Miller et al. 2002; Gray et al. 2005) and incorporating oil well data from Mount et al. (1998) using inferred crustal root based on seismic refraction data from Al-Lazki et al. (2002) (b) model after Chemenda et al. (2001) ; (c) model based on gravity data after Manghnani & Coleman (1981) and (d) model after (Breton et al. 2004) ;. Stipple pattern in (b)-(d), oceanic crust; crosses, continental crust; bold red line, major structural boundaries. No vertical exaggeration for all models. The resistivity model show major southwest dipping resistivity contrasts strongly favouring the obduction scenario (shown in a) involving early subduction beneath the Arabian margin, where a major SW-dipping crustal-scale shear system may be preserved beneath the Oman Mountains.
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